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10 INTRODUCTION

Dioxinsare adass of chemicdsthat are of patentid human hedth concarn because they may pose
an increased risk of cancer and other adverse hedith effects & very low exposure levels. Asa
consequence, regulatory agendes often perform athorough evauation of potentia risks from dioxins a
gtesof regulatory concern, epedidly Stesinvolved in the manufacture of certain chlorineted pesticides
and other chemicds. One Ste of thistype isthe Rocky Mountain Arsend (RMA), located near Denver,
Colorado.

However, the occurrence of dioxinsin Ste soilsis not dway's evidence of aSte-goedific rdease,
snce dioxins can be formed and rdeasad to the environment from multiple sources. Higoricdly, the
largest source has been amaospheric depogtion resulting from incineration of medical and municipd
organic wastes which have high contents of chlorine (EPA 1994a). In addition, dioxins can beformedin
low levels from the combugtion of many other types of organic precursors such as cod and wood, so
dioxins can dso be rdeased from power plants, wood burning furnaces, forest fires, etc. (EPA 1998D).

Because of these mulltiple potential sources of dioxin rdesse to the environment, it is often difficult
to know whether dioxin levels obsarved in soil & aparticular location are dtributable to some pedific
locd “point” source (eg., pedicide or chemica manufacturing), or whether the levels represent typica
“ambient” or ubiquitous concentrations due to other non-point sources. In order to make this judgemert,
accurate and rdlidble data are needed on dioxin levdsin typicd areasoils However, asdiscussad in
USEPA (1999), available data on ambient leves of dioxinsin soil are very limited and are of uncertain
qudity and rlevance. Conssquently, the USEPA Region VI, working in cooperation with State and
local governmenta agendies, recently completed asiudy to characterize thetypicd ranges of dioxin levels
in ambient soilsin the Denver front range area (USEPA 2000¢). These data provide an adequate beds
for comparing dioxin levels a specific Steswith those obsarved in the generd area, in order to judge
whether the Ste is contaminated with dioxins attributable to some Ste-gpedific source and release pathway.

This purpose of this Sudy isto summarize detaon thelevels of dioxin in random soil samples
collected from acrossthe RMA, and to compare the Ste data with the regiona ambient detaiin order to
judge whether levds a the RMA are devated compared to other comparable locations in and about the
gregter Denver areg, and, if 0, whether the levels arein arange of potentid human hedth concern to on-
dteworkers.

Other reportswhich are part of this project and which provide additiond  information on the
absolute and rddive levd of dioxinsin on-gte and off-gte soilsindude

Evduation of Potentid Human Hedth Risk from Dioxins, Furans and PCBsin Sall a the Wesen
Tier Parcd of the Rocky Mountain Arsend (USEPA 20008)
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Characterization of Dioxins, Furans and PCBsin Soil Samples Callected From Higtoric Use
Aress of the Rocky Mountain Arsend (USEPA 20000)

Characterization of Dioxins, Furans and PCBs In Soil Samples Collected from the Denver Front
Range Area (USEPA 2000c)

20 METHODS

A dealled description of the rationde, methods, and Standard Operating Procedures (SOPs) used
in thissudy are provided in the Project Plan for the sudy (USEPA 1999¢). A summary of key dements
of the sudy design and of the methods employed is presented below.

21  Calculation of TEQ

2,3,7,8-Tetrachlorodibenzodioxin (TCDD) is the mogt potent of agroup of reated chemicastha
include other congeners of dioxins, furans, and polychlorinated biphenyls (PCBs). For the purposes of this
report, the term “dioxins’ ismeant to refer to the set 17 dioxins and furans and the sat of 12 PCBsthat
bind to the aryl hydrocarbon (Ah) receptor and possess toxic characterisics Smilar to those of TCDD.
Thexeso-cdled “Ah-agonigs’ areliged in Table 1.

Noat dl dioxin congeners are equdly toxic. The rdative toxicity of a congener, compared to thet of
TCDD isexpressed in terms of the Toxidity Equivdency Fector (TEF). Table 1 lists consensus TEF
vauesfor mammas (induding humans), birds, and fish. These TEF vaues were developed by apand of
expearts assembled by the World Hedlth Organization (Van den Berg é d. 1998). Notethat TEFsare
often based on limited deta, and S0 they are only gpproximations of the rlaive toxicity of each congener,
rounded to the nearest half order of magnitude.

The aggregate toxidty of amixture of different dioxinsin an exposure medium (sail, food web
items etc.) isacomplex function of 8 concentrations of each congener in medig, b) dally intake of the
medium, ¢) asorption of each congener from that medium, and d) congener-oedific TEF vaues
However, for purposes of screeningHevd evaduations of dioxin concentrationsin soil samples it isusudly
maost convenient to caculate the concentration of TCDD-Equivdents (TEQ) presant in the sail, asfallows

i=29

TEQ=Sum (C{ TER)

This gpproach dlows acomparison of different soilsin teems of asgngle vaue (the TEQ for the sample)
rather than having to compare up to 29 different vdues. For the purposes of thisreport, the TEQ vaues
are based on the TEFs for mammds (humans).
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2.2  Sol Sampling
Sampling Locations

TheRMA isan aeadf goproximady 27 square miles. Asshownin Figure 1, thisareais divided
into 28 Sections. One grab sample was collected from each section a arandomly selected location.
These sampling locations are indicated by red “Xx's’” in FHgure 1.

Sampling Depth

Because dioxins nearly dways bind tightly to sall, it is expected that any dioxin contamination in
s0il that has occurred chiefly as result of amospheric depostion and/or goplication of herbiades will be
redricted to the surface. Thus, surface il isthe exposure medium of chief concern for both humen and
ecologicd receptors. Therefore, dl soil samples collected for this Sudy were grab samples collected &
0-2 inchesin depth.

Sample Collection and Sorage

Sampleswere callected usng adainless ged trowd. A ruler was usad to ensure thet the actud
depth to which soil was collected was within %2 inch of the target (1.e, abottom depth of no lessthen 1.5
inches and no greeter than 2.5 inches). The soil was placed directly into adean 16-0z amber glassjar
with ateflon-lined lid, and these bottles were sored a room temperaiure in the dark.

23  SamplePreparation

All samples callected in the fidd were submitted under chain-of-custody to Columbia Andyticd
Savices (CAS) for sample preparation. Each sample was ar dried to condant weight, followed by
coarse-9eving through a#10 (2 mm) dainless ged screen. The fraction passng the screenisrefared to
asthe”bulk” fraction. Approximatdy 100 g of the bulk sample was placed in adean amber glassjar and
dored for future used. The remainder of the bulk sample was further Seved through a 60-mesh (250 um)
sevein order to isolate oil partides|essthan 250 um in diameter. Thisfraction (referred to asthe “fing’
fraction) wasisolated because it is bieved that fine soil partides are more likdy to be ingested by hand to
mouth contact that coarse partides, and henceit is conduded thet this sail fraction isthe most rlevant for
evauaing human hedthrisk. All of the fine materid passng the 250 um Seve was placed in adean amber
glass bottle for andyd's and Sorage.

24  Sample Analyss
Fallowing sample preparation as described above, samples were submitted under chain of custody

to Midwest Reseerch Indtitute (MRI) for chemicd andyds Andyssof dioxinsin oil samplesrequiresa
sophidticated extraction and dean-up procedure. This procedure is detailed in USEPA (1999¢) Standard
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Operding Procedure 11. In brief, the congeners are determined using isotope dilution method viahigh
resolution ges chromatography/mass spectrometry (HRGC/HRMS). Samples are fortified with 2°C-
|labdled PCDD/PCDFPCB isomers and extracted with an organic solvent. Before deanup of the extrat,
the andytes are exchanged into hexane and fortified with *"Cl-labded 2,3,7,8-tetrachl orodibenzo-p-
dioxin. Fndly, the extract is sequentialy partitioned againgt concentrated acid and base solutions.

The Method Detection Limit (MDL) for dioxingfurans by thisandytical method is defined asa
ggnd that is25 timesthe average sgnd noisa. An edimate of the average 9gnd noiseisavalable for
each andyte in each samples, 30 the MDL varies from sample to sample and from andyteto andyte. The
Method Quantitation Limit (MQL) is basad on the lowest cdibration sandard used and is defined asa
sgnd that is10timesthe average 9gnd noise. Because the noiselevd vaies from sampleto ssmpleand
andyteto andyte, DLsand QLsaso vary from sample to sample and from congener to congener. Alll
congenersthat yidded sgnds that were beow the sample-pedific detection limit for that congener
(sgnd/noiserdio < 2.5) were evauated by assuming a concentration vaue equd to %2 the detection limit

for thet congener.

25  Quality Asurance

A number of Sepswere taken to obtain data that would dlow an assessment of the accuracy and
rdiability of the data collected. Key dements of the Quidity Assurance program are summarized below.

Parformance Evduaion Samples

Performance Evauation (PE) samples are samples of soil thet contain know quantities of andyte
and that are submitted blind to the andyticd |aboratory. In thisstudy, three different PE samples were
usad. Thesewere obtained from EPA’s Qudity Assurance Technicd Support (QATS) laboratory .
Nomind vaues (ppt as TEQ in bulk soil, based on PCDD/PCDF congeners only) are lised b ow:

Description Nominal Value
(ppt TEQ in bulk soil)

Native western soil <2

Low standard 35

Medium standard 59

Onediquat of each these three QATS PE samples waas submitted to the laboratory dong with each set of
14 fidd samples. In some cases the sample was submitted un-sieved (bulk), and in other casesthe
sampleswas geved, and only the fine fraction was andyzed.
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Fdd Slits and Duplicates

A fidd duplicate is a sscond sample of soil collected a the same location as the fird sample was
collected, by dternating scoops of soil that was placed into the samplejar and into the duplicate jar. A
sample slit isagpecimen thet is generated by dividing asnglefidd sampleinto two parts; inthiscase, a
ssoond diquat from four total diquots of Seved soil was submitted from the EPA archiving laboratory in
Golden, CO, to the andyticd laboratory. Both fidd duplicate and laboratory split ssmpleswere given
unique and random identifying labds, S0 asto be blind to the laboratory andyds Andyss of these types
of samples provided data on the variability within and between rdated samples. One sample of each type
was submitted to the laboratory with each st of about 14 fidd samples.

L aboratory Qudity Control Samples

Laboraory QA samples are samples prepared and run by the [aboratory in anon-blind fashion to
monitor the performance of the andyticad method. Laboratory QA samplesinduded M ethod Blanks
(andyte-free sil), Laboratory Control Samples (amilar to PE samples, but the identity and true
concentration are known to the laboratory), and M ethod Duplicates (invedigaive samples that are plit
prior to sample preparation a the andytica |aboratory).

Data Validation/Verification

All datafrom MRI were subjected to a data verification check that was performed by RMA
contractors (see SOP 12 in the Project Plan). No sgnificant problems were detected in this verification
check.

Fallowing veification, dl deta vaues were reviewed by EPA to assgn datausability flags Table
2 ummarizes the data qudity flags codes thet were used, dong with adescription of the effect of theflag
on the data usability assessment. In accord with USEPA (1992) deta usahility guiddines (Data Usability
for Risk Assessment in Superfund), these flags are used for producing two data sets

1) a sami-gquantitative set of reults with avaue (ectud or proxy as per above flags) for each
congener; thisreault isreferred to in this report asthe “Full” TEQ vdue

2) aguantitative data set with more certain quantitative values (actud or proxy as per aoveflags)
for only the congenersthat have no disqudifying flags (D, NN, R and L T); thisreault isreferred to
in thisreport asthe “Quantitative” TEQ vdue

Thisdiginction is made to hdp evduate the effects of estimated vaues on TEQs and to evauate profiles.
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30 RESULTS

Detailed andyticd resultsfor each fidd sample are presented in Appendix A1, and detailed
resultsfor each QA sample run as part of this Sudy are presented in Appendix A2. Graphicd
representations are presented in Appendix B. The results are summarized below.

31 TEQ Vaues

Table 3 presants the results (expressed as ppt of TEQ) for each of the 28 grab samples collected
during the gudy. The gpatia pattern for full TEQ vaues basad on dioxins and furans only (exduding
PCBs) aeshownin Figure 2.

As seen, most samples (25 out of 28) hed full TEQ vaduesthat werelessthan 3 ppt. TEQ vaues
were dightly devated (compared to the rest of the samples) in Section 1 (26 ppt), Section 2 (8 ppt), and
Section 35 (5 ppt), dl of which arelocated in the South Plants areaof the RMA. As discussed in USEPA
(2000b), other samples callected in this area support the condusion that dioxin levels are dightly devated
compared to the rest of the RMA in the South Plants area, but thet contaminant levels tend to fal off
rgpidly asafunction of digance from this higtoric source area,

Comparison of the values for Full and Quantitativein Table 3 reved that in mogt casesthetwo
vaues are Imilar, expedidly for the samples with devated levels, with an average difference of about 0.3
ppt. Thisindicatesthat congeners a or beow the quantitation limit do not contribute srongly to the
estimated totd vaue

32 Contribution of PCBs

As noted above, the TEQ vaues presented in the right-hand section of Table 3 are based onthe
sum of TEQ vaues acrass 17 dioxinfuran congeners and 12 dioxin-like PCBs. Comparison of the vaues
for PCBs done (canter section of Table 3) to the vauesin the right hand section (summed across dl
congeners) reveds that PCBs contribute an average of about 30-35% to TEQ vdues, with the mgority
(65-70%) being attributable to PCDDs and PCDFs.

3.3  Contribution of Specific Congeners

The congener composition of a il sample may provide ussful information about the source of the
meaterid, and hdpsto reved which oedific congeners are contributing the mgority of the TEQ levds

The mean contribution of each congener to TEQ issummarized in Table4. Asseen, modt of the
TEQ (full and/or quantitative) is contributed by pentachloro- and hexachloro-dioxins and furans, with an
additiond contribution from 1,2,3,4,6,7,8-HpCDD and from PCB-126. TCDD itsdf contributesan
average of lessthan 2% of the totdl.

RMA Random Sampleswpd 6



34  Quality Assurance Samples

Qudlity assurance samples andlyzed as part of this sudy indicate thet the data are rdiable and
accurete.,

Method Blanks

Two method blanks were induded with the ssmplesfor thissudy. Thevaduesfor full TEQ were
both 0.2 ppt. Thisindicates thet there is no Sgnificant source in dioxin or PCB contamination within the
|aboratory.
Slitsand Duplicates

TEQ vduesfor duplicate and lit pars are asfollows

Sample Full Quantitative
S1 254 24.6

S1 Slit 7.0 6.8

S5 1.8 15

S5 Slit 11 0.2

S23 0.3 0.2

S-23 Dup 0.4 0.3
S35 3.6 3.2

S35 Slit 31 2.7

As seen, exoept for thefirg par (S-1), thereis good agreement between splits and duplicate pars, with an
average difference of lessthan 2 ppt. The bassfor the discrepancy between the origind and salit resuilt
for sample S-1 is not known, but is congdered to be atypica and is currently being investigated.

Blind Performance Evaluation Samples

Andyticd resultsfor the soil gandards (PE samples) obtained from QATS are summiarized b ow.
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Full TEQ (ppt) (PCDD/PCDF Only)
Sample _
Bulk Sieved
Nominal M easur ed Nominal M easur ed
Clean Sail <2 NM -- 19+12(N=2
Low Standard 35 NM - 69+ 2 (N=2)
Medium Standard 59 NM - 121 + 8 (N=2)

NM = Not measured

As seen, measured vadues for PE samples that were Seved before andysis are about twice as high
asthenomind vaduesfor thebulk PE samples. Thisindicates that dioxins and furanstend to be more
concentrated (on ameass per unit mass bads) in fine partides than in bulk soil, aswould be expected for a
materid that adheresto the surface of partides, ance the surface areato massratio increases as patide
Sze decreases.

Laboratory Spikes

Andytica recovery of congenersfrom 2 different laboratory spikes (nomind full TEQ = 252 ppt)
were 91% and 95%, respectively.

40 DISCUSSION
Comparison to Human-Health Based Guidelines

Oneof thereasons for parforming this sudy was to determine whether dioxin levdsin on-Ste soils
might be of hedth concern to on-gteworkers: The concentration in soil thet isidentified by USEPA asthe
potentid leve of concern for workersis 5,000-20,000 ppt (EBASCO 1994). Inspection of Table 3
revedsthat dl of the samples callected in this sudy, induding the samples from the South Plants area of
the Ste (the region with the greatest impact from historic rdeases), the full TEQ for TCDDs and TCDFs
aedl far bdow the levd of potentid hedth concern to workers

Hedth Criterion: 5000 ppt
Maximum RMA Grab sample 25 ppt
Mean RMA Grab sample 2 ppt

It should dso be noted thet the areas of RMA with the highest dioxin leves are currently undergoing soil
remediation due to the presence of organo-chlorine pedticide (OCP) contamination. Oncethis
remediation iscomplete, it is expected that dioxin leves on the RMA will be gpproximately the same asfor
any other open space areain the Denver front range area.
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Comparison to Denver Front Range Area Background Levels

Figure 3 compares the digtribution of concentration va ues observed a the random sampling locations
within RMA with vaues observed a sampling locations around the gregter Denver front range area
(USEPA 2000c). As seen, the concentration values @ RMA are Smilar to levels observed in open soace
and agriculturd areas, and are lower than vaues obsarved in commerad, indudtrid and resdentid arees
Mulltiple pair-wise comparisons usng the Mann-Whitney rank sum tegt indicate thet there is no datidica
difference between the on-pog random samples and the Denver front range data sets for open gpace (p =
0.966) or agriculturd lands (p = 0.834), while the on-pogt random samples are different (lower) than the
off-post commercid, indudtrid and residentid data sets (p < 0.05).

50 SUMMARY AND CONCLUSONS

The concentration of dioxinsislow in most samples of il callected from the RMA, dthough small
eevations are observable in some samples collected from areas dose to the former chemicd
manufacturing operations (the South Plantsared).  The didribution of vaues acrossthe Steisnot
datidicdly different from vaues obsarved in open goace and agriculturd aress around the Denver front
range area, and dl of the on-gte vaues are far bdow alevd of hedth concern to on-gte workers.
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Tablel Lig of Analytesand TEFs

Class Target Andyte TEF
Mammals Birds Fish
Dibenzo-p-dioxins 2,3,7,8-TCDD 1 1 1
(PCDDs) 1,2,37,8-PeCDD 1 1 1
1,2,3,4,7,8-HXCDD 0.1 0.05 0.5
1,2,3,6,7,8-HXCDD 0.1 0.01 0.01
1,2,37,8.9-HXCDD 0.1 0.1 0.01
1,2,3/4,6,7,8-HpCDD 0.01 < 0.001 0.001
OCDD 0.0001 0.0001 <0.0001
Dibenzofurans 2,3,7,8-TCDF 0.1 1 0.05
(PCDFs) 1,2,3,7,8-PeCDF 0.05 0.1 0.05
2,3,4,7,8-PeCDF 0.5 1 0.5
1,2,3,4,7,8-HxCDF 0.1 0.1 0.1
1,2,3,6,7,8-HxCDF 0.1 0.1 0.1
1,2,3,7,8,9-HXCDF 0.1 0.1 0.1
2,3/4,6,7,8-HxCDF 0.1 0.1 0.1
1,2,3,/4,6,7,8-HpCDF 0.01 0.01 0.01
1,2,34,7,89-HpCDF 0.01 0.01 0.01
OCDF 0.0001 0.0001 <0.0001
PCBs 3,3,4,4-TCB (77) 0.0001 0.1 0.0005
34,4 5-TCB (81) 0.0001 0.05 0.0001
3,3,4,4'-5-PeCB (126) 0.1 0.1 0.005
3,3,4,4' 5,5-HxCB (169) 0.01 0.001 0.00005
2,3,3,4,4-PeCB (105) 0.0001 0.0001 < 0.000005
2,3,4,4' 5-PeCB (114) 0.0005 0.0001 < 0.000005
2,3,4,4 5-PeCB (118) 0.0001 0.00001 | < 0.000005
2 34,4 5-PeCB (123) 0.0001 0.00001 | < 0.000005
2,3.3,4,4 5-HxB (156) 0.0005 0.0001 < 0.000005
2,3,34,4 5-HxCB (157) 0.0005 0.0001 < 0.000005
2,344 55-HxCB (167) 0.00001 0.00001 | < 0.000005
23,344 55-HpCB (189) 0.0001 0.00001 | < 0.000005

TEF = Toxicity Equivdency Factor
TEF vaues are consensus estimates recommended by WHO (Van den Berg et d. 1998)
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Table2. Definition, Application, and Uses of Data Flags

* Usability of DataSets
Validati M eaning of Flags
|:I|agsIon . o i Full dataset Quantitative
for Dioxin Analysesin Soilsand Tissues by the MRI Lab used (semi- | (qualified sub-set
guantitative) used)
Estimated Maximum Potential Concentretion; the relative ion abundance ratios did
E hot mest the acceptance limits. usevelue LEebavalle
D EMPC is caused by polychlorinated Diphenyl ether interference. use2vaue don't use
Analyte was detected in associated M ethod Blank, sample concentration <5x MB
B o ration. usevaue usevaue
Concentration is above upper Cdibration Standard; result isan estimate, flagged C
c by lab and J added by validator. usevalue usevalue
I Recovery of 13C-labeled |sotopic analyteoutside of criteria usevaue usevaue
Edtimated: eg., isotopic sandard is outside CCAL range, native andyte recovery
J n LCSisoutsde criteria, etc. ussvalue L ovdie
Presumptive evidence for the presence of an analyte with an estimated vaue; if ,
NJ Lised for 2378-TCDF, see“U” below. SRR derilEE
S de( is Saturated; result, if caculated, isflagged by the vdidator as an esimate - Usevalue Usevalle
Unconfirmed: column is not specific for 2,3,7,8-TCDF; confirmation not 2
U Fequested. Vaidator now uses“NJ’ flag. usevalue LEZRATEID
R Rejected: result isinvalid and not usable. use %2 EDL don’t use
use of MRI Laboratory’sreported “LT” (lessthan) values<M QL (10 x Signal:Noise)
‘LT isnot atrue“flag”, but if aL T result isa*“detect” abovethe MDL (2.5 x
LT N usevdue ueYzvaue
applied first Signd:Noise=lab EDL), then
to data, then . . .
! ‘LT” isnot atrue“flag”, but if aL T resultisa“non-detect” below the M DL ]
' L
apply flags! 25 x Signal:Noise = l2b EDL), then use¥2EDL don't use

* Per conceptsin the 1992 EPA Data Usahility for Risk Assessment in Superfund guidance, the above flags are to be used for
producing two data-sets: 1) a“Full” set of semi-quantitative resultswith an actual or proxy valuefor each of the 29 measured
congeners; and 2) a“Quantitative” partia set of results with more certain identification and more accurate quantities of congeners
which have no disqualifying flags (D, JN, R or LT) or uselimited proxies (E, B, J or U). Thisdistinction is made to better
understand and limit the artifactua impacts of the less certain etimated values on TEQs, analyzing this sensitivity by comparing
TEQs from these two data-sets and eva uating congener profiles with only the andytes that are able to be quantitated.

Source: EPA R8 Soil and RMA Tissue Studies of Dioxins, 2000, ref. RMA/EAL SOP 803
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Table3. TEQ Vauesfor RMA Random Grab Soil Samples

Dioxing/Furans PCBs Totd
Section Full Quant Full Quant Full Quant
Sl 2540 24.63 0.82 0.48 26.22 2511
S 725 7.05 115 110 840 815
3 0.66 0.60 0.35 0.33 101 0.93
S 058 042 0.48 047 1.06 0.89
S3) 182 150 022 0.20 204 170
$ 163 127 0.24 022 187 149
S7 0.97 0.91 041 0.40 138 131
8 0.27 0.16 0.10 0.09 0.36 0.25
D 157 136 124 123 281 258
Si1 101 0.81 0.63 0.62 164 143
S12 0.71 0.36 035 033 1.06 0.69
S19 128 119 0.76 0.74 204 193
0 0.68 0.36 020 0.19 0.88 0.55
S2 0.73 0.48 034 033 1.07 0.81
23 0.35 0.23 011 0.06 0.46 0.29
4 034 0.18 018 0.16 052 034
S5 0.14 0.02 004 0.01 0.18 0.02
26 0.76 0.65 0.30 0.28 1.06 0.93
0 021 0.18 022 021 043 0.39
8 152 126 123 122 2.75 248
29 0.30 0.21 0.14 013 043 0.33
S0 0.52 0.24 0.15 0.14 0.67 0.38
31 195 165 0.39 0.37 234 203
S32 0.80 0.52 0.25 0.24 105 0.76
S3 0.83 0.57 0.79 0.78 1.62 1.35
sS4 0.95 0.86 0.72 071 167 156
S35 359 3.16 151 0.83 5.09 399
36 153 1.26 0.45 043 1.98 1.69

All TEQ vaues are expressed in units of ppt
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Table4. Rdative Contribution of Congenersto Full TEQ

Mean Percent Contribution to TEQ

Andyte Full Quant
2,3.7,0-1CDF T4% 0.0%
2,3,7,8-TCDD 1.4% 0.6%
1,2,3,7,8-PeCDF 2.7% 2.8%
2,3,4,7,8-PeCDF 9.4% 7.8%
1,2,3,7,8-PeCDD 9.5% 4.4%
1,2,3,4,7,8-HXCDF 8.5% 9.3%
1,2,3,6,7,8-HXCDF 5.4% 5.0%
2,3,4,6,7,8-HXCDF 3.2% 2.9%
1,2,3,7,8,9-HXCDF 5.0% 4.3%
1,2,3/4,7,8-HxCDD 1.9% 1.4%
1,2,3,6,7,8-HxCDD 3.8% 3.7%
1,2,3,7,8,9-HxCDD 4.4% 4.9%
1,2,3,4,6,7,8-HpCDF 3.8% 4.6%
1,2,3,4,7,8,9-HpCDF 1.2% 1.3%
1,2,34,6,7,8-HpCDD 7.3% 11.1%
OCDF 0.3% 0.3%
OCDD 0.6% 0.9%
PCB-81 0.0% 0.0%
PCB-77 0.1% 0.1%
PCB-123 0.0% 0.0%
PCB-118 1.3% 1.1%
PCB-114 0.1% 0.1%
PCB-105 0.6% 0.7%
PCB-126 26.4% 30.8%
PCB-167 0.0% 0.0%
PCB-156 1.0% 1.2%
PCB-157 0.3% 0.3%
PCB-169 0.3% 0.3%
PCB-189 0.0% 0.0%
Dioxing/Furans only 69.8% 65.3%
PCBs only 30.2% 34.7%
All 100.0% 100.0%

Cells greater than 5% have been shaded to highlight the main contributors
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Figure3. Comparison of RMA Random Samplesto Denver Front Range Soils
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